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Introduction
Asymmetric cell division generates distinct progeny from a 
  single cell division, and the two proteins Notch and Numb are 
critical for this process. In Drosophila melanogaster, Numb 
functions as a negative regulator of Notch (for review see 
  Cayouette and Raff, 2002). Numb protein is asymmetrically 
  localized to one daughter cell in cell divisions that generate dis-
tinct progeny. The cell receiving high levels of Numb suppresses 
Notch signaling, whereas the cell with low levels of Numb 
maintains Notch activity (Frise et al., 1996; Guo et al., 1996). 
Numb and Notch are evolutionally conserved proteins. Two 
mammalian Numb homologues, Numb and Numblike, have 
been identifi   ed (Zhong et al., 1996, 1997). Gene targeting 
in mice reveals partially redundant functions for Numb and 
Numblike; i.e., the compound knockout of Numb and Numblike 
has a more severe phenotype than knockouts of each gene alone 
(Petersen et al., 2002; Li et al., 2003). Data from Drosophila 
(Frise et al., 1996; Guo et al., 1996) and from adult mouse mus-
cle progenitors (i.e., satellite cells; Conboy and Rando, 2002) 
support a differentiation-promoting role for Numb/Numblike.
The Notch signaling pathway controls numerous cell 
fate decisions during development, often by maintaining a 
more undifferentiated fate. The Notch receptor is a single 
  transmembrane protein that undergoes a complex series of 
  proteolytic processing events. This ultimately leads to the 
  release of the intracellular domain (ICD) of the receptor in 
  response to activation from membrane-tethered ligands of the 
Delta or Serrate type (Artavanis-Tsakonas et al., 1999). The 
  released Notch ICD translocates to the nucleus, where it inter-
acts with the DNA-binding protein CSL (also termed RBP-Jκ 
[Furukawa et al., 1992] and suppressor of hairless in Drosophila) 
to control activation of a specifi  c set of downstream genes, most 
notably the Hes and Hey family basic helix-loop-helix tran-
scription   factor genes (Iso et al., 2003).
Although Numb is known to be a negative regulator of 
Notch, we describe a more complex relationship between Notch 
and Numb/Numblike. Unexpectedly, high levels of Notch 
  signaling lead to a reduction of Numb/Numblike protein levels, 
revealing a reciprocal negative regulation between Notch and 
Numb/Numblike.
Results and discussion
Numb and Numblike negatively regulate 
Notch signaling and reduce the level 
of Notch protein
A dose-dependent reduction of the levels of both a truncated 
membrane-tethered (Notch 1 ∆E) and an intracellular (Notch 1 
ICD) form was observed in response to increasing amounts 
of Numb (Fig. 1, a and b). The Notch 1 ∆E protein was cleaved 
in the presence of Numb, although cleavage appeared to 
be somewhat reduced at higher Numb levels (Fig. 1, a and b). 
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Furthermore, Numb and Numblike negatively regulate Notch 
signaling both from full-length Notch, Notch 1 ∆E, and Notch 1 
ICDd (Fig. S1, available at http://www.jcb.org/cgi/content/
full/jcb.200602009/DC1). We next studied whether Numb af-
fected Notch intracellular localization. Transfected Numb-HA 
immunoreactivity was largely confi  ned to intracellular vesicles 
(Fig. 1 c), which are likely to be endosomes, based on the 
  codistribution of Numb-HA and Eps15 immunoreactivity (not 
  depicted). In cells where the activation and cleavage of full-
length Notch 1 was induced by coculture, the resulting Notch 1 
ICD was predominantly localized to the nucleus also in the 
presence of transfected Numb (Fig. 1 d). In summary, these data 
indicate that Numb and Numblike negatively regulate Notch 
signaling and that Numb does not sequester Notch 1 ICD in the 
cytoplasm, arguing against a function for Numb in excluding 
Notch 1 ICD from the nucleus (Frise et al., 1996; Wakamatsu 
et al., 1999; Berezovska et al., 2000).
Numb promotes differentiation in C2C12 
cells at low but not at high levels 
of Notch signaling
We next analyzed the effects of Numb on cellular differentiation 
at various levels of Notch signaling in the myogenic cell line 
C2C12, in which differentiation to myotubes can be blocked by 
Notch signaling (Dahlqvist et al., 2003; Gustafsson et al., 2005). 
Different levels of Notch signaling were accomplished by 
  coculturing cells expressing different levels of Notch receptor 
and ligand. Thus, regular C2C12 cells or C2C12 cells stably 
  expressing Notch 1 (C2C12-N1) cocultured with regular 3T3 
cells yielded low levels of Notch signaling as measured 
by 12XCSL-luc activation, whereas coculture with Jagged-1 
  (Serrate-1)–expressing 3T3 cells (3T3-J1) yielded high levels 
of Notch signaling (Fig. 2 a). Transfection of Numb exerted a 
negative effect on Notch signaling in all combinations, although 
the remaining level of Notch signaling after Numb transfection 
was considerably higher after coculture with Jagged-1–expressing 
cells (Fig. 2 a).
Transfection of Numb into C2C12 cells followed by 3 d 
under differentiation-promoting conditions resulted in a dra-
matic increase in the differentiation of Numb-expressing cells 
at low levels of Notch signaling (Fig. 2 b); 88 and 95% of the 
Numb-positive cells were also myosin heavy chain (MHC) pos-
itive in C2C12/3T3 and C2C12-N1/3T3 cocultures, respec-
tively, and 92% were positive in C2C12 cells cultured alone 
(Fig. 2 c). Similar values (88%) were obtained for Numblike 
(Fig. 2 d). The proportion of differentiated cells after Numb and 
Numblike transfection was considerably higher compared with 
the blockage of Notch signaling by the γ-secretase inhibitor 
(GSI) DAPT, which only causes an increase in MHC-positive 
cells from 32 to 50% (Fig. 2 d). The addition of DAPT did not 
further enhance the differentiation-promoting effect of Numb 
and Numblike (Fig. 2 d). This argues for a more instructive role 
for Numb and Numblike in myogenic differentiation rather than 
only blocking Notch signaling. In keeping with a  differentiation-
promoting role, we observed that a C2C12 cell line stably 
 expressing Numblike showed accelerated myogenic differentiation 
as compared with the parental cell line; 2 d after the switch 
to prodifferentiation conditions, 12.2% of the cells were MHC 
positive as compared with only 4.1% in the parental cell line 
(Fig. 2 e). The stable expression of Numblike was accompanied 
by somewhat elevated levels of the myogenic differentiation 
factor MyoD and a robust induction of myogenin during differ-
entiation (Fig. 2 f).
At high levels of Notch signaling (i.e., in C2C12/3T3-J1 
and C2C12-N1/3T3-J1 cocultures), we found no MHC-positive 
cells even after the transfection of Numb (Fig. 2 c). Unexpect-
edly, Numb-expressing cells were also rare in C2C12/3T3-J1 
and C2C12-N1/3T3-J1 cocultures ( 1% as compared with 
C2C12/3T3 and C2C12-N1/3T3; Fig. 2 c). The combination of 
Numb expression and elevated Notch signaling did not increase 
Figure 1.  Numb and Numblike down-regulate Notch 
protein levels. (a) Western blots of Notch 1 ICD or 
Notch 1 ∆E protein levels after cotransfection with var-
ious amounts of Numb (500 and 1000 ng). The West-
ern blot was stained with antisera recognizing the C 
terminus of Notch ICD (anti-C20) or the cleaved ICD 
(Val 1744) and was reprobed with anti-HA antibody 
to visualize Numb. Note that the Val 1744 antibody 
does not recognize transfected Notch 1 ICD, which 
lacks nine amino acids as compared with the cleaved 
form of Notch 1 ∆E. (b) Densitometric analysis of 
  protein levels in the autoradiogram from panel a and 
two additional experiments. Error bars represent SD. 
*, P < 0.05; **, P < 0.01. (c) Intracellular localization 
of Numb-HA expression visualized by an anti-HA and a 
new anti-Numb antiserum as indicated. The speciﬁ  city 
of the new anti-Numb antiserum is described in Fig. S2 
a (available at http://www.jcb.org/cgi/content/full/
jcb.200602009/DC1). (d) Visualization of Notch 
ICD by the Val 1744 antibody after ligand-induced 
activation of full-length Notch 1 (red) in cells transiently 
transfected with Numb (green). Cells expressing Notch 
ICD in the nucleus (boxed areas) are enlarged that 
are either in the absence (top) or presence (bottom) of 
transfected Numb. Bars, 10 μm.NOTCH NEGATIVELY REGULATES NUMB AND NUMBLIKE • CHAPMAN ET AL. 537
cell death (Fig. S2 b, available at http://www.jcb.org/cgi/
content/full/jcb.200602009/DC1). In summary, this indicates 
that Numb can override the differentiation-inhibiting effects of 
Notch at lower levels of Notch signaling and promote myogenic 
differentiation, but, at higher Notch levels, differentiation is 
blocked, and there is a strong decrease in Numb expression.
High levels of Notch 1 activation reduce 
Numb protein levels
We examined the apparent loss of Numb expression at high 
Notch levels in a C2C12 cell line stably expressing HA-tagged 
Numb (Numb-HA), which was cocultured with 3T3 or 3T3-J1 
cells. The Numb protein level was markedly reduced in 3T3-J1 
cocultures but not in 3T3 cocultures or in a mixed lysate of 
Numb-HA and 3T3 or 3T3-J1 cells cultured separately (Fig. 
3 a). This effect was dependent on Notch signaling, as addition 
of the GSI L-685,458 to cocultures of Numb-HA and 3T3-J1 
cells blocked Numb down-regulation (Fig. 3 b). In contrast, 
Numb mRNA levels were not reduced (Fig. S2 c). Transfection 
of Notch 1 ∆E led to a similar down-regulation of Numb in the 
cell line stably expressing Numb-HA (Fig. 3 c). To learn whether 
down-regulation required the activation of Hes 1 and Hey 1, 
we transiently expressed Notch 1 ICD, Hes 1, or Hey 1 from adeno-
viral vectors in the stable Numb-HA (Fig. 3 d) and Nbl-HA 
(Fig. 3 e) cell lines. Robust down-regulation of Numb was ob-
served by Notch 1 ICD but to a much lesser extent by the canon-
ical Notch downstream genes Hes 1 or Hey 1 (Fig. 3, d and e).
Importance of the PEST domain for 
Notch-mediated down-regulation of Numblike
To further investigate the Notch-mediated down-regulation of 
Numb and Numblike, we speculated that the PEST domain may 
be of importance, as PEST domains have been shown to be in-
volved in protein turnover and have been implicated in protea-
some-mediated degradation (Reverte et al., 2001). The Numb 
protein contains two PEST domains, and Numblike contains 
only one, and, as Numblike in all assays behaved similarly to 
Numb, we generated a Numblike construct lacking the PEST 
domain (amino acids 260–273; Fig. 4 a) and produced stable cell 
lines with HA-tagged Numblike (Fig. 3 e) or PEST-defi  cient 
Numblike (Nbl-HA and Nbl-HA–∆PEST, respectively). Like 
Numb, Nbl-HA protein was reduced by high levels of Notch 
signaling through coculture with Jagged-1–expressing cells, 
whereas the mixing of Nbl-HA and Jagged-1 cells immediately 
Figure 2.  Numb promotes myogenic differentiation in 
C2C12 cells at low but not at high levels of Notch signaling. 
(a) Effects of Numb on 12XCSL-luc activation in various cocul-
ture combinations of Notch- and Jagged-expressing cells 
or in C2C12 cells cultured alone. Error bars represent SD. 
(b) Visual  ization of GFP (green) and MHC (red) expression (top) 
or of Numb-HA (red; anti-HA) and MHC (green) expression 
  (bottom) in differentiated C2C12 cells. (c) A table showing 
the number and percentage of GFP- or Numb-HA–expressing 
cells that also express MHC compared with the total number 
of GFP or Numb-HA–expressing cells after the transfection of 
GFP or Numb-HA into C2C12 cells under differentiation con-
ditions in various coculture combinations as indicated. (d) A 
table showing the number and percentage of GFP-, Numb-HA–, 
or Numblike-HA–expressing cells that also express MHC in 
the absence or presence (right column) of 400 nM GSI DAPT. 
(e) MHC-expressing cells (red) in a Numblike stable cell line 
(Nbl-HA) and the parental cell line 2 d after the induction of 
differentiation. The percentage of MHC-expressing cells in 
the Nbl-HA and parental cell lines is shown to the right. 
(f) Western blot of MyoD and myogenin expression levels in 
the Nbl-HA and parental cell lines at 0 or 2 d after the induc-
tion of differentiation. Bars, 10 μm.JCB • VOLUME 175 • NUMBER 4 • 2006  538 
before lysis did not reduce Nbl-HA levels (Fig. 4 b). In contrast, 
Nbl-HA–∆PEST protein levels did not change after coculture 
(Fig. 4 b). As for Numb, L-685,458 blocked the 3T3-J1 
  coculture–induced reduction on Nbl-HA protein levels, whereas 
Nbl-HA–∆PEST protein levels were unaffected (Fig. 4 b). No 
substantial differences in the levels of Nbl-HA or Nbl-HA–
∆PEST mRNA were observed (Fig. S2, d and e), nor was mouse 
Numb mRNA expression increased by the expression of Notch 
1 ICD (Fig. S2 f). Nbl-HA–∆PEST was equally effi  cient as 
Nbl-HA in accelerating C2C12 myogenic differentiation, and 
88% of Nbl-HA–∆PEST-expressing C2C12 cells were MHC 
positive 3 d after the differentiation switch. Nbl-HA–∆PEST 
was more effi  cient than Nbl-HA in negatively regulating Notch sig-
naling as measured by 12XCSL-luc activation (Fig. S3 a, available 
Figure 3.  High levels of Notch activation cause a reduction 
in Numb protein levels. (a) C2C12 cells stably expressing 
Numb-HA were cocultured with 3T3 cells, with Jagged-1–
  expressing 3T3 cells (3T3-J1), or were only mixed with 3T3 or 
3T3-J1 cells just before lysis. (b) Cells stably expressing Numb-
HA were cocultured with 3T3 or 3T3-J1 cells in the presence 
or absence of the GSI L-685,458 (1 μM) as indicated. 
  Western blots of cell extracts in panels a and b were stained 
with an anti-HA antibody and reprobed with an anti–β-actin 
antibody. (c) Transfection of Notch 1 ∆E-myc (N1∆E-myc) into 
C2C12 cells or stable Numb-HA C2C12 cells leads to a 
  reduction of Numb protein levels in the Numb-HA stable cells. 
The blot was reprobed with anti-myc to visualize Notch 
  expression. (d and e) Western blot of cell extracts from the 
stable Numb-HA (d) or Numblike-HA (Nbl-HA; e) C2C12 cell 
lines infected with adenoviruses expressing Notch 1 ICD 
(NICD), Hes 1, or Hey 1 as indicated.
Figure 4.  Notch-induced reduction of Numblike 
protein levels depends on the PEST domain. (a) A 
schematic representation of the mouse Numb and 
Numblike (Nbl) proteins (with the amino acid 
  positions for the phosphotyrosine-binding [PTB] and 
  proline-rich region [PRR] domains [gray] and PEST 
domains [black] depicted) as well as Numblike-
∆PEST (Nbl∆PEST), in which the 13–amino acid–
long PEST domain has been removed. (b) Cells 
stably   expressing Numblike-HA (Nbl-HA; left) or 
Nbl-HA–∆PEST (right) were cocultured with 3T3 
cells or with Jagged-1–expressing cells (3T3-J1) as 
indicated   (coculture) in the presence or absence of 
L-685,458 (GSI) or were only mixed with 3T3 or 
3T3-J1 cells just before lysis (mixed). Western blots 
of cell extracts were stained with an anti-HA anti-
body. The presence of two bands in the Western 
blot probably reﬂ   ects the partial degradation of 
Numblike, and a similar doublet of bands has previ-
ously been observed for Numb (Pece et al., 2004). 
Loading controls (β-actin) are shown below. (c) 
The stable Nbl-HA and Nbl-HA–∆PEST cell lines 
were pulsed with [
35S]methionine for 1 h at 16 h 
  after   coculture with Jagged-1–expressing cells and 
chased for 0 or 4 h as indicated. Note that Nbl-HA 
but not Nbl-HA–∆PEST levels are reduced   after the 
4-h chase. (d) Transfection of myc-tagged Notch 1 
ICD (N1ICD) into cell lines stably expressing Nbl-
HA or Nbl-HA–∆PEST in the presence or absence of the proteasome inhibitor MG132. Western blots of cell extracts were incubated with an anti-HA 
antibody and reprobed with an anti-myc antibody to control for Notch 1 ICD expression.NOTCH NEGATIVELY REGULATES NUMB AND NUMBLIKE • CHAPMAN ET AL. 539
at http://www.jcb.org/cgi/content/full/jcb.200602009/DC1). 
This is in keeping with the increased stability of Nbl-HA–∆PEST 
and its resistance to degradation by Notch.
To address whether the down-regulation of Nbl-HA was a 
result of increased protein turnover or reduced synthesis, we 
performed pulse-chase experiments in the stable cell lines. After 
a 1-h [
35S]methionine pulse 16 h after coculture with Jagged-1–
expressing cells, there was no difference in the synthesis 
rate between Nbl-HA and Nbl-HA–∆PEST (chase = 0 h), but, 
after 4 h of chase, considerably less Nbl-HA was observed as 
  compared with Nbl-HA–∆PEST (Fig. 4 c). This suggests that 
  degradation rather than the synthesis rate is affected in the 
Notch-mediated down-regulation of Nbl-HA. Addition of the 
proteasome inhibitor MG132 abrogated the Notch 1 ICD– mediated 
down-regulation of Nbl-HA and, in fact, increased levels to 
more than what was observed in the absence of Notch signaling 
(Fig. 4 d, compare the fi  rst and third lanes). No effect of MG132 
was observed with Nbl-HA–∆PEST (Fig. 4 d). In conclusion, 
these experiments argue that the PEST domain is important for 
the Notch-mediated reduction of Numblike protein levels and 
that Numblike protein degradation is proteasome dependent.
The negative regulation of Numb and Numblike by Notch 
demonstrated in this study may play a role in stabilizing the cell 
fate switch by an asymmetric cell division, which generates two 
distinct cells: one daughter cell that receives high levels of Numb 
and, therefore, down-regulates Notch signaling and a second 
daughter cell with no or low Numb and continued Notch sig-
naling (for review see Cayouette and Raff, 2002). In Fig. 5 a, 
we propose that in the latter cell, down-regulation of Numb/
Numblike by Notch may assure that Numb levels are kept low 
and, thus, safeguard the outcome of the cell fate switch resulting 
from Numb segregation. Such a mechanism would reduce the 
requirements on the asymmetric segregation machinery to per-
fectly distribute Numb to only one daughter cell, as small 
amounts of Numb segregating to the Notch-signaling cell would 
be eliminated. It may also be particularly important to reduce 
Numblike protein levels in this cell, as Numblike appears not to 
be asymmetrically localized (Zhong et al., 1997). 
To test the model, we wanted to learn whether the level of 
Notch signaling was inversely correlated with Numb levels in 
a tumor cell line because a correlation between reduced Numb 
protein levels and elevated Notch expression is frequently 
found in breast tumors (Pece et al., 2004; Stylianou et al., 
2006). The human ovarian carcinoma cell line SKOV-3 was 
  selected for analysis because it contains detectable levels 
of both Notch 1 ICD and Numb (Fig. 5 b). Treatment with 
L-685,458 resulted in reduced levels of Notch 1 ICD and, 
  importantly, elevated levels of endogenous Numb (Fig. 5 b), 
suggesting that a reduction of Notch activity leads to enhanced 
Numb levels. Treatment with L-685,458 also reduced the pro-
liferative rate in the SKOV-3 cells (Fig. 5 c). To test the con-
verse situation (i.e., the experimental elevation of Notch), we 
introduced Notch 1 ICD by in ovo electroporation into the de-
veloping chick central nervous system. Areas of Notch 1 ICD 
overexpression showed reduced levels of Numb protein (Fig. 
5 d, arrowhead), whereas areas of low Notch ICD expression 
contained higher levels of Numb (Fig. 5 d, arrow). In conclusion, 
these data support the idea that Notch-mediated down-regulation 
of Numb can be observed in vivo.
Materials and methods
Cell culture, transfection, and reporter gene analysis
3T3, 293T, and C2C12 cells were grown in DME containing 10% FCS. 
Transfections were performed using LipofectAMINE Plus reagent (Invitrogen) 
or FuGene 6 reagent (Roche) according to the manufacturer’s instructions. 
Figure 5.  Reciprocal negative regulation between Notch and Numb. 
(a) A model in which cell fate decisions are reinforced and maintained by 
reciprocal interaction between Notch and Numb. After classical asymmet-
ric cell division, two daughter cells are produced with an asymmetrical 
  inheritance of Numb. In cell A, little Numb protein is present, allowing 
Notch signaling and consequent cell fate alteration. Degradation of re-
maining Numb caused by active Notch signaling reinforces this lineage 
change. Conversely, the inheritance of Numb in cell B acts to inhibit Notch 
signaling, leading to adoption of the default cell fate. (b) Western blot of 
protein extracts from the SKOV-3 ovariocarcinoma cell line in the absence 
or presence (2 d) of L-685,458 (1 and 2 μM). (c) The percentage of 
BrdU-positive SKOV-3 cells in the absence or presence of L-685,458. 
Values are signiﬁ  cant at *, P < 0.05. Error bars represent SD from three 
  experiments. (d) Expression of Numb after the electroporation of Notch 1 
ICD-IRES-GFP in the developing chick spinal cord. Expression of Notch 1 
ICD (NICD) and endogenous Numb (cNumb) is visualized by immuno-
histochemistry on sections. Electroporated side is to the right. The arrow 
  indicates an area with a low level of Notch 1 ICD, which coincides with 
robust levels of Numb. The arrowhead indicates an area with a high level 
of Notch 1 ICD, which correlates with reduced Numb levels.JCB • VOLUME 175 • NUMBER 4 • 2006  540 
The luciferase assay is described in the supplemental material (available 
at http://www.jcb.org/cgi/content/full/jcb.200602009/DC1). High-titer 
stocks of adenoviruses for Notch 1 ICD, Hes 1, and Hey 1 were used for in-
fection of Numb-HA or Nbl-HA stable C2C12 cells, and, in all cases, at 
least 70% of the cells expressed the protein 24 h after infection with minimal 
cell toxicity.
Coculture and C2C12 cell differentiation
C2C12 cells grown on 10-cm plates were transfected with 4 μg DNA us-
ing LipofectAMINE Plus reagent. For coculture experiments, transfected 
C2C12 cells were seeded with approximately the same number of 3T3 or 
3T3-J1 cells and grown for 24–48 h in DME containing 10% FCS before 
analysis. Differentiation experiments were performed by plating transfected 
C2C12 cells at high density onto coverslips precoated with gelatin and 
laminin in DME containing 10% FCS. Equivalent amounts of 3T3 or 3T3-J1 
cells were added several hours later. Culture medium was changed the 
  following day to DME containing 2% horse serum. Cultures were ﬁ  xed 
3 d later in 4% PFA and subjected to immunocytochemistry.
Western blotting and immunoprecipitation
Cultures were washed in PBS, harvested, resuspended in 50–200 μl whole 
cell extraction buffer (20 mM Hepes, pH 7.8, 420 mM NaCl, 0.5% NP-
40, 25% glycerol, 0.2 mM EDTA, 1.5 mM MgCl2, 1 mM DTT, 1 mM PMSF, 
and complete protease inhibitors [Roche]), and incubated on an end-to-end 
rotator for 30 min at 4°C. The lysate was centrifuged for 30 min at 12,000 
rpm, and protein concentration in the supernatant was determined by 
Bradford analysis (Bio-Rad Laboratories). Western blotting was performed 
as described in the supplemental material.
RNA isolation and quantitative RT-PCR
RNA was isolated from cultured cells using the RNeasy Mini Kit (QIAGEN). 
Reverse transcription was performed on 2.5 μg of total RNA using oligo-
dT12–18 and Superscript II reverse transcriptase (Invitrogen). Real-time PCR 
was performed in accordance with the manufacturer’s instructions using a 
rapid thermal cycler system (LightCycler; Applied Biosystems). A mastermix 
containing nucleotides, Taq polymerase, SYBR green, and buffer was 
mixed with primers and cDNA.
Pulse chase
C2C12 cells stably expressing Nbl-HA or Nbl-HA–∆PEST were cocultured 
with 3T3-J1 or 3T3 cells. At 16 h of coculture, the growth medium was re-
placed by serum-free DME without methionine and cysteine containing 30 
μCi [
35S]methionine. After a 1-h pulse, the cells were either harvested (0 h) 
or washed, and the medium was replaced with normal growth medium for 
a 4-h chase. Cells were lysed in radioimmunoprecipitation buffer (150 mM 
NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, and 50 mM 
Tris-HCl, pH 8.0, supplemented with protease inhibitors [Complete; 
Roche]). Cell lysates were centrifuged 14,000 g for 20 min at 4°C for the 
removal of insoluble material followed by preclearing with Sepharose G 
beads. HA-tagged Nbl or Nbl-∆PEST were immunoprecipitated using a 
monoclonal HA antibody (HA11; BioSite) and captured by Sepharose G 
beads. The immunoprecipitated proteins were eluted by Laemmli sample 
buffer and separated by SDS-polyacrylamide gel electrophoresis.
Online supplemental material
Fig. S1 shows that Numb and Numblike down-regulate Notch   signaling. 
Fig. S2 shows the detection of Numb protein and the role of Notch 
and Numb for apoptosis. Fig. S3 shows that Numblike-HA–∆PEST 
down-regulates Notch-induced reporter gene activation more efﬁ  ciently 
than Numblike-HA. Supplemental material provides details about the 
generation of Numb, Numblike, and Notch DNA constructs as well as 
generation of the anti-Numb antiserum and the sources of commercial 
  antibodies. Online supplemental material is available at http://www.jcb.
org/cgi/content/full/jcb.200602009/DC1.
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